OBJECTIVE: To investigate the relationship between plasma b b-endorphin (b b-end) and insulin concentrations and 1) body fat, and 2) nutritional parameters in overweight or obese prepubertal children. DESIGN: Cross-sectional study on plasma b b-end and insulin concentrations, body fat, indirect parameters of appetite namely daily energy and macronutrient intake. SUBJECTS: 143 (67 boys and 76 girls) overweight or obese children (group I) and 48 (27 boys and 21 girls) healthy children with normal parameters of somatic development (group II). Age: 5.8±9.6 y. MEASUREMENTS: Weight, height and subcutaneous skinfold thicknesses, plasma b b-end and insulin concentrations, diet history for energy and macronutrient intake. RESULTS: Group I was characterised by signi®cantly higher average concentrations of b b-end and insulin in comparison to the control group. The analysis of these concentrations in the subgroups in relation to the percentage of body fat indicates that b b-end concentrations increased more than insulin concentrations with increasing fatness. A signi®cantly positive correlation between b b-end and insulin levels was only noted in group I. Also, only in this group was there a signi®cant positive correlation between b b-end levels and energy and macronutrient intake. In both groups the percentage of energy intake which was fat, correlated positively with b b-end concentrations. Furthermore energy and fat intakes showed a signi®cant positive correlation with insulin levels in both groups. CONCLUSIONS: b b-endorphin and insulin concentrations in overweight and obese prepubertal children are not only higher than in non-obese children but also are positively correlated with each other and with the percentage of body fat. The relationship between plasma b b-end levels and food intake shows that the b b-end level may be able to be used as an indicator of appetite in overweight and obese prepubertal children whose food intake is not restricted.
Introduction
Among many factors in the complex etiopathogenesis of obesity, the roles of opioid peptides 1, 2 and in particular of b-endorphin (b-end) 3, 4 are considered to be important. A connection has already been shown with stimulation of food intake in humans 1, 5 and with the endocrine activity of the pancreas. 6 It is also thought that hypersecretion of b-end and/or altered sensitivity of pancreatic B cells to opioid peptides may be a signi®cant factor in the pathogenesis of obesity. 6, 7 Some research has demonstrated the existence of increased concentrations of b-end 8, 9, 10 and insulin 11, 12 in plasma of obese children in comparison to healthy children.
The aim of the study was to investigate the relationship between the levels of plasma b-end and insulin concentrations and body fat in overweight and obese prepubertal children, and to evaluate whether there is any relationship between b-end and insulin concentrations and daily energy intake and macronutrient (i.e. protein, fat and carbohydrate) intake.
Subjects and methods
The research was carried out with approval of the ethics committee of the Silesian Academy of Medicine as well as the informed consent of the subject's parents.
Subjects
The study was performed on 143 children (67 boys and 76 girls) with overweight or simple obesity (group I mean AE SD age 7.59 AE 1.01 y) in which excessive body weight had been recorded from 1±2 y of age, and on a control group of 48 healthy children (27 boys and 21 girls) with normal parameters of somatic development (group II aged 7.60 AE 1.02 y). The children ranged in age from 5.8±9.6 y and were at the stage of prepuberty according to Tanner's criteria. For at least three months preceding the research, the children had not received any medication and had not been observing a special diet. In group I simple obesity was diagnosed on the basis of an interview concerning food intake, physical examination, psychological evaluation and normal laboratory results excluding thyroid and adrenal gland diseases and metabolic disorders but including impaired glucose tolerance.
Evaluation of pattern of nutrient intake
Pattern of nutrient intake was evaluated by taking a diet history from mothers and children. A diet history involved assessment of the number, composition and times of major meals and nibbling between meals in three typical weekdays of a subject. A set of coloured photographs showing most-frequently consumed foods and meals of known weight was used to increase accuracy. Food preparation methods were described with the use of household measures.
The energy value and nutrient content of daily dietary intakes were calculated with the program FOOD designed by the Food and Nutrition Institute in Warsaw. Individual results were used to calculate mean values for a three-day diet history. The results were compared with the Polish norms of daily food intake, which are identical for prepubertal girls and boys, and therefore we did not divide the children by sex. The upper limits of the food intake norms are shown in Table 2 . The children had not been on any diet, and their food intake had not been restricted, so we considered the intake as an indirect index of appetite.
Anthropometric measurements
All anthropometric measurements were made by one person. Body height was measured to an accuracy of 0.5 cm on a standardized, wall-mounted height board, and body weight to an accuracy of 0.1 kg by standard physician's beam scale. The body mass index (BMI, kg/m 2 ) was calculated and its value compared with standard values for age and sex in Polish children. Harpender skinfold caliper measurements of the thicknesses of four skinfolds (biceps, triceps, subscapular, suprailiac) were taken in triplicate according to the method described by Durnin and Rahaman 13 and Deurenberg et al, 14 and the percentages of body fat (FT%) and lean body mass (LBM%) were calculated using the equation of Durnin and Womersley with the modi®cation of Weststrate and Deurenberg. 15 In the control group the BMI values all fell within the limits of mean AE 1 SD, while in group I they were all greater than mean 1 SD. Group I was divided into subgroups depending on the FT% (I 1 , I 2 , I 3 , I 4 ). The criteria of division and the number of children in each subgroup are shown in Table 1 .
All blood samples for laboratory examination were taken in the morning (between 0800 and 0900 h), after a 12 h overnight fast. For b-end determination 3 ml of venous blood was drawn into a chilled syringe containing a chilled solution of EDTA and aprotinin (Trascolan, Jelfa) to give a ®nal concentration of 1 mg EDTA and 500 KIU aprotinin per ml of blood. The sample was immediately transferred to a chilled polypropylene test-tube, held at 4 C for 30 min, then centrifuged (4000 rpm, 4 C, 15 min). The plasma fraction was frozen until testing. For insulin and glucose determination 2 ml of blood was taken.
Analytical methods
b-end The plasma fraction containing b-end was extracted chromatographically on Sep-Pak C 18 cartridges (Waters, Milford, USA) according to the procedure recommended by Peninsula Lab. Inc, USA. Just before extraction the samples were acid- b b-endorphin, insulin and anthropometry in children A Obuchowicz and E Obuchowicz i®ed to pH $ 3.0 with 1 M HCl and applied to the cartridges which had been previously activated. After washing with 0.1% tri¯uoroacetic acid (TFA) in water, a peptide fraction containing b-end was eluted with 60% acetonitrile in 0.1% TFA. The eluates were evaporated to dryness in a Rota-Vapor. The recovery rate of standard added to plasma at a concentration of 19 pg b-end/ml was 97 AE 7% (n 5). The b-end concentration was determined radioimmunologically using RIK 8616 reagents (Peninsula Lab. Inc, USA) according to the method described by the manufacturer. Before the radioimmunoassay the samples were reconstituted in 250 ml of the provided assay buffer and centrifuged (10 000 rpm, 4 C, 10 min). Duplicate aliquots (100 ml) or standard (2±32 pg per tube) were mixed with diluted primary antibody (100 ml) in siliconized glass tubes and incubated at 4 C for 24 h. Then 125 I-b-endorphin (15 000 cpm/100 ml) was added to each tube and the reaction mixture was incubated at 4 C for 24 h. After the incubation the diluted secondary antibody (anti-rabbit IgG serum) (100 ml) and normal rabbit serum (100 ml) were added to each tube and incubated at room temperature for 90 min. Then the assay buffer (500 ml) was added. Free and antibody-bound b-end were separated by centrifugation (3000 rpm, 4 C, 20 min). The pellet radioactivity was counted in a LKB gamma counter. The sensitivity of the assay was 5.7 pM, and the intraassay coef®cient of variation was 6%.
Insulin The concentration of insulin was determined radioimmunologically using the Insulin-IRMA kit (MI-130, Polatom, Poland). Brie¯y, duplicate aliquots (50 ml) or standard (5±450 m IU/ml) or control samples were mixed with 125 I-labelled secondary antibodies in polystyrene tubes coated with anti-insulin monoclonal antibodies and then incubated for 2 h at room temperature. The liquid was aspirated and after washing with PBS, the radioactivity bound to tubes was counted in a gamma counter. The assay detection limit was 1 m IU/ml, and the recovery rate of standard was 100±110%.
Glucose Serum glucose was determined by an enzymatic method based on reagents supplied by Cormay, Poland.
Statistical analysis
All data are presented as mean AE SD, unless stated otherwise. Statistical analysis of data was done using Student's t-test, and in the case of normal distribution and lack of homogeneity of variance, using the Cochran-Cox test. Normality of distribution was veri®ed using the Kolmogorow-Smirnow test and the homogeneity of variation with Snedecor's test. In order to examine mutual correlations between traits, correlation analysis was used.
16 P`0.05 was considered statistically signi®cant.
Results
All anthropometric parameters were signi®cantly higher in obese children (body height 130. In the control group, daily energy intake and consumption of macronutrients were within the normal range, while in group I they exceeded the upper limit of the recommended daily intake and were signi®-cantly higher than in the control group ( Table 2) . Analysis of daily energy intake in terms of macronutrients has shown that fat intake expressed as a percentage of total energy intake was signi®cantly higher in the obese than in the control group, while protein and carbohydrate intake expressed as a percentage of total energy intake was signi®cantly higher in group II (Table 2) .
Group I was characterised by a signi®cantly higher average concentration of b-end (19.35 AE 5.12 pM) in comparison to the control group (12.73 AE 2.02 pM) (P`0.001). The concentration of insulin in group I (130.19 AE 56.78 m IU/ml) was also signi®cantly higher than in the control group (63.64 AE 24.72 m IU/ml) (P`0.05). All children had normal glucose concentrations (4.0±5.5 mM).
In group I a signi®cant positive correlation was noted between b-end and insulin (r 0.276; P`0.001). A similar correlation was not noted in the control group (r 0.154; P`0.296).
In subgroups of group I with higher FT% the average concentrations of b-end and insulin were higher (Table 3) . These concentrations were signi®-cantly higher in all subgroups compared to the control group, and also in subgroups I 2 ±I 4 in comparison to the subgroup with the lowest FT% (I 1 ). The subgroups with the highest FT% (I 3 , I 4 ) did not have signi®cantly different concentrations of b-end or insulin. However, subgroup I 2 differed from subgroups I 3 and I 4 , by having a signi®cantly lower concentration of insulin, although it did not show signi®cant differences in concentration of b-end (Table 3) .
In group I overall, the concentrations of b-end and insulin showed a signi®cant positive correlation with both body weight and FT%, and the concentration of insulin correlated positively with height in this group (Table 4 ). In the control group, the concentration of insulin showed a signi®cant positive correlation only with body mass, while the concentration of b-end showed a signi®cant negative correlation with FT% (Table 4) .
Like the anthropometric parameters, the parameters b b-endorphin, insulin and anthropometry in children A Obuchowicz and E Obuchowicz of nutrient intake correlated signi®cantly with b-end and insulin concentrations, especially in obese children (Table 5) . In group I, daily energy, and protein, fat and carbohydrate, intakes showed signi®cant positive correlations with b-end concentration and except for carbohydrate intake with insulin concentration. In group II only energy intake and fat intake correlated with insulin concentration (Table 5 ). In both groups the percentage of total energy consumed as fat showed a signi®cant positive correlation with b-end concentration (Table 5 ).
Discussion
The results of this study con®rm the existence of signi®cantly higher baseline concentrations of b-end in plasma of obese children in comparison with the control group and are compatible with the results of Genazzani et al 8 , Facchinetti et al 10 and Bernasconi et al. 9 The signi®cantly higher concentration of insulin in the group of obese children con®rms the wellknown connection of hyperinsulinaemia with obesity 17 and demonstrates the occurrence of this disorder in prepubertal obesity. Similar results were presented by Maffeis et al 12 and Balsamo et al 11 who furthermore con®rmed the existence of normal glucose tolerance in these children.
The positive correlation between insulin concentration with b-end concentration in group I, and the lack of this correlation in the control group is interesting. These results support the suggestion of Khawaja and Green 18 that the in¯uence of opioids on homeostasis of glucose and insulin in non-obese people and animals is small, but that this rises in the obese. The immediate rise of insulin concentration as a result of b b-endorphin, insulin and anthropometry in children A Obuchowicz and E Obuchowicz administering peripheral b-end to obese people, even following a reduction in body weight, 19 demonstrates the connection between insulin secretion and the function of b-end in obesity. It has been shown that b-end is synthesised by D cells of pancreatic islets and, presumably as a result of local action, stimulates secretion of insulin. 6 Results of correlation analyses presented in this study demonstrate the different relationships between b-end and insulin and also bend, insulin and anthropometric parameters in obese children and in the control group. They also show a direct relationship between FT% and the concentrations of b-end and insulin. Bueno et al 20 demonstrated a signi®cant positive correlation of plasma insulin levels with the thickness of skinfolds in prepubertal children. However, Genazzani et al 8 did not ®nd a correlation between b-end and body weight or excess body weight in obese prepubertal children, which is contradictory to the present results. The correlation between both b-end and insulin and FT% is also demonstrated in the present study by the results of a comparative analysis of subgroups of children with different level of fatness. This analysis shows that overweight children are characterised by signi®cantly higher concentrations of b-end and insulin in comparison with the control group, and furthermore that increases in concentration of b-end and insulin are dependent on FT%. As far as we can tell, this is the ®rst study to report a detailed analysis of b-end and insulin levels in subgroups of children with different degrees of excess body weight. Interestingly, the results of this analysis seem to suggest that the bend concentration increases to a greater degree than the insulin as the amount of body fat increases. In fact, it is not known to what degree the plasma b-end concentration re¯ects the pancreatic b-end concentration, but the results obtained are in agreement with the report of Ritter et al 21 who stated that the initial disturbance in obesity is an excessive response of pancreatic B cells to b-end. The present results yielded an interesting positive correlation between body weight and height of children in group I and plasma insulin levels. It has been suggested that hyperinsulinaemia stimulates the production of somatomedins and may in this way in¯uence the growth of obese children. 22 Overweight and obese children showed high energy and macronutrient intakes, which may re¯ect an excessive appetite. These parameters of nutrient intake correlated signi®cantly with plasma b-end concentrations in group I, but not in group II. In the literature, it has been suggested that b-end plays a signi®cant role in the development of hyperphagia in the obese. 1, 23 Our study has shown a moderately positive correlation between b-end concentrations and consumption parameters, which may be explained by the fact that plasma b-end concentrations do not necessarily re¯ect b-end levels in the CNS. Moreover, this neuropeptide is not the only factor that regulates appetite. 23, 24 Despite these objections, Brambilla et al 25 state that the peripheral b-end concentration is useful in evaluating the role of b-end in the mechanisms of appetite regulation. Bertino et al 26 state that opioid peptides increase not only appetite and total food intake but also fat intake. This is consistent with the signi®cant positive correlation between fat intake as a percentage of total energy and b-end concentration in both group I and group II.
There is some evidence that not only is b-end involved in the development of hyperphagia in the obese, but also that b-end concentrations are affected by diet. Dum et al 27 reported that an increase in central b-end secretion is associated with fat-carbohydrate intake, and Melchior et al 28 observed an increase in the plasma b-end concentration in healthy adults after sweet foods. It has been shown that obese persons prefer carbohydrate-and fat-rich foods that stimulate insulin secretion. Since hyperphagia characterizes children with simple obesity (which was also shown in this study) it cannot be excluded that nutritional factors may increase b-end and insulin concentrations in obese children.
Conclusions
In conclusion, b-endorphin and insulin concentrations in overweight and obese prepubertal children are not only higher than in normal children, but also are positively correlated with each other. Furthermore, they correlate with the amount of body fat in obese children, and it seems that b-end concentrations increase to a greater extent than insulin concentrations with increasing fatness. The relationship between plasma b-end levels and food intake is of clinical signi®cance, as the b-end level may be able to be treated as an indicator of appetite in overweight and obese prepubertal children whose food intake is not restricted. Long-term observation of these children should elucidate the signi®cance of these relationships for the course and ef®ciency of therapeutic procedures.
